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SUMMARY 


A limited investigation was made at high subsonic speeds to deter- 
mine the effects of wing leading-edge radiiis on the aerodynamic charac- 
teristics of a sweptback-wing — fuselage combination with leading-edge 
flaps and chord-extensions. The basic wing had 45° sweepback, aspect 
ratio 4, taper ratio 0-5, and NACA 65 AOO 6 airfoil section. The leading- 
edge shapes considered consisted of a sharp leading edge, a normal air- 
foil leading edge, and a leading edge formed by using three times the 
normal radius and fairing the new nose contour smoothly into the normal 
airfoil. The investigation was made in the Langley high-speed 7 - by 
10-foot tunnel over a Mach number range of O .80 to 0.92 and an angle - 
of -attack range of - 2 ° to 24°. lift, drag, and pitching-moment data 
were obtained for all configurations with leading-edge flap deflections 
of 0 ° and 6 °. 

Over the speed range investigated, the wings with sharp and blunt 
leading edges possessed less desirable lift characteristics in compari- 
son with those of the normal leading-edge radiiis wing. The sharp 
blunt leading-edge wings gave higher drag and lower lift-drag ratios in 
the high- lift and angle-of-attack range. With nose flap undeflected, 
the sharp leading-edge wing provided slightly less leading-edge suction 
than the normal and blunt leading-edge wings in the high-lift range. 

With a nose flap deflection of 6°, the blunt wing achieved about 10 to 
15 percent more leading-edge suction than either the sharp or normal 
leading-edge wings in the low- lift rsuige. The pitching-moment charac- 
teristics of the model with or without chord-extensions were only sli^tly 
affected by the changes in leading-edge radius. 
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INTRODUCTION 


> Previous Investigations of thin sweptback-wlng models at hi^ sub- 
sonic speeds have shown that the pitching-moment characteristics and 
lift-drag ratios could be substantially improved with combinations of 
leading-edge chord-extensions and flaps (refs. 1 and 2 , for example). 
These in^jrovements due to leading-edge chord-extensions and flaps 
probably arise from their effects on the leading-edge vortex pattern. 

It has been shown in reference 5 that, at low speeds, leading-edge 
radius obtained by changing the airfoil maximum thickness ratio is 
another parameter that has a pronounced effect on the leading-edge vor- 
tex pattern. A practical application of this principle would be to 
change the leading-edge radius so as to affect only a small portion of 
the wing, thus precluding a change in the basic structure of an airplane 
wing. It was therefore deemed desirable to conduct a limited investi- 
gation at high subsonic speeds to determine the effects of leading-edge 
radius without changes in maximum thickness ratio on the pitching-moment 
characteristics and lift-drag ratios. The present investigation provides 
direct comparisons with published results of the same model with a nor- 
mal leading-edge radius (ref. l) . 

COEFFICIENTS AND SYMBOLS 


All coefficients presented herein are based on the wing area with- 
out chord-extensions. The coefficients and symbols used in this paper 
are defined as follows: 


Cd 


lift coefficient, 

qS 

drag coefficient, 

qS 


•'m 



pitching-moment coefficient referred to 0.255, 
Pitching moment 
qSc 

base-pressure drag coefficient 

pitching-moment coefficient at zero-lift coefficient 


ACj) 


drag coefficient due to lift. 
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Dp 

AR 

q 

s 

Sb 


c 


c 

Td 

P 

V 


Po 


M 

R 


theoretical induced drag coefficient 
la ted hy method of- ref. 


t- 


c * 

0025 


equivalent leading-edge suction factor 


n(AR) 


, calcu 



aspect ratio, h^/S 

dynamic pressure, ^ pV^, Ib/sq ft 

wing area, sq ft (2.25 on model) 

area of base of model, sq ft (0.059 on model) 

'Va „ 


mean aerodynamic chord of wing 


' If 


c^ dy, ft 


local wing chord, parallel to plane of symmetry, ft 

wing span, ft 

air density, slugs/cu ft 

free-stream velocity, ft/ sec 

free-stream static pressure, Ib/sq ft 

static presstire at base of model, Ib/sq ft 


Mach number 

Reynolds number of wing based on c 

angle of attack of fuselage center line, deg 

. leading-edge flap deflection angle parallel to free* 
stream, deg (see fig. l) 
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Flap designations: 

A leading-edge 

B leading-edge 


flap that extends from 0.159 ^ to O .65 ^ 


flap that extends from O .65 — to 1.00 — 

2 2 


MODELS AND APPARATUS 


A drawing of the wing-fuselage combinations showing details of the 
leading-edge radii, chord-extension, and flaps employed is presented in 
figure 1. A photograph of the model equipped with 6 ° full-span leading- 
edge flap and chord-extension, mounted on the sting in the Langley high- 
speed 7 - by 10 -foot tunnel, is shown in figure 2. The wing employed in 
this investigation had. sweepback of the quarter-chord line, aspect 
ratio L, taper ratio 0.5^ and MCA 65 AOO 6 airfoil section parallel to 
the plane of symmetry. The changes in leading-edge radius were made by 
altering the airfoil section forward of the 20 -percent-chord line for 
the sharp leading edge and forward of the 5 -percent-chord line for the 
blunt leading edge as shown in figure 1. Ordinates of the fuselage are 
given in table I. 

The leading-edge flap was established by cutting the wing along the 
20 -percent- chord line, and flap angles were obtained with preset steel 
inserts. After setting a desired flap angle, the groove in the wing was 
filled and finished flush to the wing surface. The junctures between 
flaps were sealed for all tests. Estimated static load measurements 
indicated that angular distortion of the flap under load was negligible. 

The leading-edge chord-extension was made by moving the leading 

20 percent of the wing forward 0.105 over the outboard 0.55 The 

0 . 10 c gap was faired from the rear of the nose portion to the original 
20 -percent-chord line. 

The model was tested on the sting-type support system shown in 
figure 2. With this system the model was remotely operated thro\igh an 
angle-of-attack range from about -2° to 24°. A strain-geige balance 
mounted inside the fuselage was used to measure the forces and moments 
of the wing-fuselage combination. 
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TESTS AM) CORRECTIONS 


The investigation was made in the langley high-speed 7- by 10-foot 
tunnel. Lift, drag, and pitching moment were measured through a Mach 
number range of 0.80 to 0.92 and an angle-of -attack range of about - 2 ° 
to 24° for each configuration listed in table II. The size of the model 
caused the tunnel to choke at a corrected Mach number of about 0.95 for 
the zero-lift condition. Partial choking conditions may have occurred 
in the high angle -of -attack range at a Mach number of the order of O. 95 . 

Blockage corrections were determined by the method' of reference 5 
and were applied to the Mach numbers and dynamic pressures. Jet-boundary 
corrections, applied to the angle of attack and drag, were calcxilated by 
the method of reference 6. The angles of attack have been corrected for 
deflection of the sting-support system under load. The Jet-boundary 
corrections to pitching moment were considered negligible and were not 
applied to the data. No corrections have been applied to the data for 
buoyancy due to longitudinal pressure gradients. Qualitative measure- 
ments of the pressure gradients have indicated that the drag cojsfficients 
may be too low by about O.OOI 7 . No tare corrections have been applied 
to the data, since previous experience (ref. 7, for example) indicates 
that for a tailless sting-mounted model, similar to the model investi- 
gated herein, the tare corrections to lift and pitch are negligible. 


The drag data have been adjusted to correspond to a pressure at 
the base of the fuseleige equal to free-stream static pressure. For 
this adjustment, the base pressure was determined by measuring the 
pressure inside the fuselage at a point about 9 inches forward of the 
base. The drag increment ^base-pressure drag coefficient was cal- 




culated from the measured pressure data by the relation = 

Values of for average test conditions are presented in figure 5- 


P- s 
o b 


The adjusted model drag data were obtained by adding the base-pressure 
drag coefficient to the drag coefficient determined from the strain-gage 
measurements . 


The mean Reynolds number of this investigation varied from 3.08 x 10 
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to 3-15 X 10^ 


at corresponding Mach numbers from O .80 to 0.93* 


RESULTS AND DISCUSSION 


The data are presented in figures 4 to 13} a detailed listing of 
the data is given in table II. The data for the normal leading-edge 
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radius wing were taken directly from reference 1 and althoiigh there is 
no direct comparison above M = O. 9 O it is believed that the data at 
M = 0.95 for the normal leading-edge radius wing will give a reasonably 
good basis for qualitative comparison with data of this investigation 
at M = 0 . 92 . 


Lift Characteristics 

In the normally linear lift range, the sharp leading-edge lift- 
curve slopes were negligibly affected by leading-edge flaps up to 
6 n = 6 °, but at 10 *^ and 15 ° there were noticeable increases in the lift- 
curve slopes (fig. 4(a)). Above about 8 ° angle of attack, generally Cj^ 
increased with 6 ^ except for ~ ^5° above M = 0 . 90 . 

The lift-curve slopes were not greatly affected by leading-edge 
radius at 6 n = 0 ° (fig. 5 (a)); however, at 5n = 6 °, the sharp and 
blunt leading-edge wings gave lower lift-curve slopes than the normal 
leading-edge reidius wing. The sharp and blunt leading-edge wings also 
\isually gave appreciably lower lift coefficients than the normal leading 
edge above about 6 ° to 8 ° angle of attack (fig. 5 (a)). 

Addition of the chord-extensions to the sharp leading-edge wing 
increased the lift-cixrve slopes (fig. 6 (a)) . Throiighout the Mach num- 
ber range investigated, the lift coefficients above 8 ° angle of attack 
were always increased with the addition of the chord-extensions regard- 
less of the leading-edge radius. As previously noted, the sharp and 
bl\int leading-edge wings gave the lowest lift coefficients above 6 ° or 
8 ° angle of attack which also was true of the sharp leading-edge wing 
with chord-extensions added. 


Drag Characteristics 

The minimum drag coefficient of the sharp leading-edge wing was 
progressively increased with flap deflection (fig. 4(b)). Throughout 
the Mach number range investigated, the sharp and blunt leading-edge 
wings have hi^er drag above = 0.4 than the normal leading-edge 

wing with the largest increases being evident at 6n = 6° (fig. 5(1^)). 
The addition of' chord-extensions to the model resulted in reductions 
of Cjj above about = O .5 (fig* 6(b)). As was noted without chord- 

extensions, the sharp leading-edge wing with chord-extensions also gave 
higher drag than the normal leading-edge wing above Cj^ = 0.4. 

It was observed in reference 1 that the leading-edge flap deflec- 
tions of 5° 6° gave the best overall lift-drag ratios for that 
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configuration (normal leading-edge wing) , and in this investigation 
with the sharp leading edge the "best overall lift-drag ratios were 
also obtained with 5° and 6° flaps. (See fig. T-) 

The lift-drag ratios at 6n = 0° presented in figures 8 and 11 
show that the blunt leading-edge wings gave lower (L/D)jjjax values 
than the sharp and normal leading-edge wings j whereas for = 6 
(figs. 9 and 12) the normal leading-edge wing gave the lowest (l/l^)max 
values. 

The parameter Dp (figs- 11 and 12) represents the percent of 
equivalent full leading-edge suction realized. It should be noted 
that at the higher lift coefficients the percent of equivalent leading- 
edge suction indicated by Dp probably is lower than the percent 
suction actually realized, inasmuch as the drag due to lift may be 
increased by trailing-edge separation as well as by losses in leading- 
edge suction. For =0° at low lift coefficients (0.50 and lower), 
the drag due to lift ACp was ■ apparently little affected by leading- 
edge radius but, for Bn = 6°, ACp was sli^tly lower with the blunt 
leading-edge wing. (See figs. 11 and 12.) The lower value of ACp 
at = 6° in the low-lift range represents an achievement of about 
10 to 15 percent greater leading-edge suction Dp than that obtained 

with the sharp or normal leading-edge wings. At hi^er lift coef- 
ficients, for example Cp = O.60, the sharp leading-edge wing had higher 
drag due to lift below M = O.9O than either the normal or blunt 
leading-edge wings for both flap conditions (&n ~ 0® and 6*^) . The 
hi^er value of ACp for the sharp leading-edge wing resulted in 
subtly less leading-edge suction than that realized with the normal 
and blunt leading-edge wings. (See figs. 11 and 12.) In general, 
changes in leading-edge radius 'resulted in no large effects on the 
drag characteristics in the Mach number range • investigated. 


Pitching-Moment Characteristics 

The unstable pitching-moment variation, usually referred to as 
pitch-up, was progressively delayed to higher lift coefficients and 
angles of attack by increases in nose flap deflection, except for 
5^ = I5O above a Mach nimber of O.9O (figs. 4(c) and 4(d)). Because 
at I50 flap deflection a rather abrupt juncture occurs at the flap 
hinge line, there probably exists a region for the start of separated 
flow. 

The pitching-moment data of figures 5 and. 6 indicate that in the 
Mach number range of this investigation leading-edge radius had little 
effect on the point of pitch-up with or without chord-extensions. 
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The summary of pitching moment for zero lift Cm^ given in fig- 
ure 13 indicates that Cjhq was shifted negatively about 0.002 per degree 

of flap deflection. Changes in leading-edge radius had little overall 
effect on the pitching-moment characteristics of the model. 


CONCLUSIONS 

A limited" investigation at high subsonic speed of the effects of 
leading-edge radius on the aerodynamic characteristics in pitch of a 
wing-fuselage configuration with a 45° sweptback wing of aspect ratio 4 
and an MCA 65AOO6 airfoil section (with and without leading-edge flaps 
and chord-extensions) indicated the following conclusions: 

1 . The sharp and blunt leading -edge wings had less desirable lift 
characteristics compared with those of the normal leading-edge radius 
wing. However for the sharp and normal leading edge, the lift generally 
Increased with increasing flap deflection above about 8° angle of attack. 

2 . The sharp and blunt leading-edge wings gave higher drag and 
lower lift-drag ratios than the normal leading-edge wing in the high- 
lift and angle -of -attack range. 

5 . With no leading-edge flap deflection, the sharp leading-edge 
wing provided slightly less leading-edge suction than the normal and 
blunt leading -edge wings in the high- lift range. With a flap deflec- 
tion of 6°, the blunt wing achieved about 10 to 15 percent more leading- 
edge suction than either the sharp or normal leading-edge wings in the 
low-lift range. 

4. The pitching-moment characteristics of the model with or with- 
out chord-extensions were only slightly affected by the changes in 
leading-edge radius. 


Langley Aeronautical Laboratory, 

National Advisory Committee for 
Langley Field, Va. , May 6, 


Aeronautics, 

1955. 
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Figure 1.- Test model showing details of various wing leading-edge modi 

fications employed. 





attack and test Mach number. 
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(a) Variation of a with Cj^. 

Figure k.- Aerodynamic characteristics of the sharp leading-edge wing- 
fuselage combination showing effects of full-span leading-edge flaps. 
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Lift coefficient.Ci 

(a) Concluded. 
Figure 4 .- Continued. 



Drag coefficient 
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L iff coefficient , Cl 


(b) Concluded. 
Figure 4.- Continued. 







Pitching-moment coefficient 
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Angle of attack ,a ,deg 


(d) Variation of Cm with 
Figure 4 .- Continued. 


a. 






Angle of attack , a, deg 
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Leading edge 
employed 



Lift coeff icient , Q 

Sn=6'> 


(a) Concluded. 
Figure 5-- Continued. 
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Lift coefficient ,Ci_ 


Sn = 0^ 


(b) Variation of Cj) with Cl- 


* 


Figure 5*- Continued. 
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Lift coefficient ,C^ 

(b) Concluded. 
Figure 5-- Continued. 
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(d) Variation of 0^ with a. 


Figiire 5*- Continued. 
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(d) Concluded. 


Figure 5*- Concluded. 
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Figxire 


Leading edge employed 
Sharp Normal 
o AB 

0 i — 

0 A B 

^ — AB 


Chord -extension, 
b/2 

None 

.65 to too 



(a) Variation of a with Cl. 

6.- Aerodynamic characteristics of wing-fuselage combination showing 
effects of leading -edge radius and chord extensions. 6n = 6°. 





Pitching- moment coefficient,C,, 


NACA RM L55E25a 


o 


□ 



Leading edge employed 
Sharp Normal 
AB — 

I - 

A B 

— AB 


C hard- ex tension^ 
b/2 
None 

.65 to too 

I 



(c) Variation of Cj^ with C^. 
Figure 6. - Continued. 



P itching -moment coefficient , C, 


NACA RM L55E25a 


55 


Leading edge employed Chord-extension, 
Sharp Normal b/^ 



(d) Variation of Cjjj with 
Figure 6.- Concluded. 
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Leading edge employed Chord -extension^ 
Sharp Normal 

AB None 

■ i .65 to LOO 

A B 

— AB 




0 2 4 .6 .8 O 2 4 . .6 .8 

Lift coefficient, C l Lift coefficient, C l 

Figure 10.- Lift-drag ratios of wing-fuselage combination sho-vn.ng effects 
of leading -edge radius and chord-extensions. 6n = 6°. 
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Figure 11.- Suinniary of drag characteristics shoving effect of leading- 

edge radius. 6^ = 0°. 










